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1. An abundance of water makes the earth unique in our solar system. 
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a . I. TION Z 
cs INTRODUC ~ 


The materials in this packet are designed to aid teachers aie ‘ 


mentation of a science field studies unit concerning tidal rivers. e packet af "| 


4 


consists of 1) background material for the teacher, 2) lab exercises, 3) field 
activities, and 4) classroom activities, The overall rishi of this packet 
is to provide prerequisite information for - setting up and carrying out of 
a marine field study, and to then a and use the data gathered from. 
the. study. Concepts such as tidal flow theary, the teletio’ of specific 
gravity to salinity, proper field ‘procedure and data cérrelations are in- 
cluded to provide a broad base for the study itself. Parts III and¢IV are 


F BK ; : 
included as background information fot*the actual study in part V . 


ca ; : 
(Mar. 1.22) 
4° 
II. OBJECTIVES : 
“Tides on 


1) The student will-be able to correctly define the following: high tide, 
| low tide, flood tide, ebb tide, tidal range, spring wis, neap tide, ) 
diurnal. tide period, and seni-diurnal tide period. 
2). The student yill be able to name “correctly at least two tidal 7 
3) The student will be able to correctly read a tide table end’ graph tides 


for a 24-hour period. a ae 


Hydrometer cot 2 ye = 


1). Given a hydrometer and five water samples, the student will be able to 


calculate the correct salinity for at least four ‘of the samples. 
.. " 2) ‘The student will be able to list in proper order steps in using a hydrometer 
to measure the lias of a water sample. 


Sample Collection and/Data Analysis 


1) The student’ wit) be able to collect a samplé, measure its salinity, and 


record the data correctly. 
: 2) . The erutend will be able to graph salinity content of an area as a function 
. _of time and as 4 function of distance from the mouth of a tidal vibe 
3) The student will be able to measure and record water temperature using 
a centigrade thermometer. 
.: 4) Using data obtained, the student will be able to chart salinity content 


aa) 2 and temperature of five points along a tidal river over a five-day period, 


- 


5. 


4 sid 


III. TIDES 

‘ a. Introduction 

| P Though this exercise {a directed at advanced high school students, it should 
not be epics’ that these students are well-versed in tidal. flow 

‘ticity, Winta tits is ‘advisable that causes, forces, and effects be reviewed 


: 3 and discussed in advance bf the actual field sampling. - ‘5 
aah ‘ \ 


B. ‘Important Concepts» | pe . “As mtg 
1) Tides are ulvaredt, they occur to some degree in all bodies.of 
f water (even in pede cells): 
2) Thdes follow a lunar day - high tides occur approximately every 12 hours 
SED | ae and 25 minutes - low tides occur every 12 hours and 25 minutes - these 


; are called tidal periods. A total lunar day equals 24 hours and 50 minutes. 


3) When the crest of the tidal wave approaches, causing a rise in water 


level, we have flood tide occurring. The apex is called high tide or high 
_ water. om 
4) When the tide begins to recede, the water level goes down. This is known 
as ebb tide, and the lowest water level is called low tide or low water. 
5) Tides are caused by a bulge of water being "pulled" towards the moon as 
the earth spins on its axis. A combination of lunar pull and the earth's 
rotational centrifugal force cause this high water bulging at two opposing 
axes. At the two right angle axes are two low water areas caused by * ; 
water displacement toward the "bulges". As the earth rotates through 
these "bulges" all points on the earth pass through high and low water | 


areas. Since there are two "bulges" and two "depressions", each 


point meets high water twice-and low water twice within a 24 hour and 


50 minute lunar day. 


6) 


7) 


.* 
Position of the mioon and sun at different times of the month present 
2 


special tidal effects. These special tides coincide with what are commonly 


referred’ to as the moon's "phases" and show the sun's force ip tidal 


action. Spring tides occur at full moon phase and new moon phase. At , 
full moon, the moon and sun are on opposite sides ofthe earth in a straight 
line, causing the pull of the moon on the earth's water to increase ,at 


high tide; since more water is pulled into "bulges" there is less water in 


¢. 


the "depressions." Thus high tides are highdér and low tides are lower. % 
At new moon thine tha sun, moon,and earth are again similarly aligned, ° 
again causing’ a very high water and a.wery low water. Neap tides occur 
between the spring tides. At the first and last quarter vases of the 
moon, the sun is aligned at a oe” angle with the moon and earth: ‘thus, 
instead of pulling in line with the moon, ithe sun is actually pulling 

at right angles to the moon, Hindnishing to’ some destee the high and low 
tides and causing the high water to be lover and the low water to be higher.” \ 


~ 


See Figure l. ®. : ‘ ‘ 


_) 


_At different times of the month and year, the sun and moon are closer to 


‘ ¥ ' 
the earth, and the closer they are, the greater the tidal effects. The sun 


is cloger to the equator in spring and fall and the two daily tides then 


, ~ 
are more or less equal. In January the sun is closer to the Tropic 


of Capricorn and in July, to the Tropic of Cancer, and unequal tides result 
(. 
because thé tidal "bulges" are north and south of the equator on opposite 


sides of the earth. See Figure 2. 


Bo Figure’ 1 


SPRING TIDES 
| Mok ~ a 
| 1e) ( FULL. 
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HIGH HIGH TIDES: LOW LOW TIDES 


NEAP TIDES | 
O 3RD QUARTER 


ist QUARTER © 


HIGH LOW TIDES: LOW HIGH TIDES 


\ropie of 
« Capricorn | 


. f . . : it , ° I.A. ‘ 
‘ | . _ ¢ P - (Mar. 1,22) 
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o% 3 : 8) ta tidal rivers, the tide wave ne be affected by .at least, two 


additional factors, 1) greater frigtion in a confined area (typ situa, 
shallower bottom) and 2) the opposing oceanward flow of the fresh 
_ water river. Both of these faggors work against cine flow causing a. 
ae shotter flood tide period and a longer ebb tide period. The variance 
ay , “will ol aad a aiteak deal on the width, Lengtt and low rate of the river. 
ee” oe These enstavhce; along with wind, rain, and’ other weather conditions at 
the eaupling: times will affect tidal hatglit, Thus, 4na river, the 
flood periods may be as short as. three to four hours and ebb periods as .. 


long as eight a nine hours. 


C. Tidal Facts 
Sd ie ‘ Tidal Periods (along most of the East Coast ) 2 
| 1) From high to high - 12 hrs. 29 mif. - semidiurnal 
2) From low to low - 12 hre. 25 min. - senidiurnal 
7 aa; Ficie high Xa ite 8 Hea, 12 1/2 min. - flood 
ie - 4) From low to high - 6 hrs. 12 1/2 min. - flood 
5) Lunar diurnal period - 26 hrs. 50 min. 
Tidal = ' 
D Lunat decevivationsd) 
2), Rotational Centrifugal (earth) 
3) Solar (gfavitational) a \ 
Tidal Variants ‘_ : ; - ; 
# 1) Wind ; _ . 4 
2) Friction = ‘ ° | ‘ 
‘ 3) Size and shape of tidal basin ; ; A 


: 4) Fresh water flow 


I.A. 
(Mar. 3.22) 
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VOCABULARY ‘LIST - TIDES 
—_—_—_—_—_—_—."___ 


; a tide -{Also high yater - ‘ie at which water level has risen. to 


its highest shoe - occurs approximately every 12 hours and 


. 


25 minutes. 

Low tite i Also” low water - time * which water level has dropped to its 
lowest point - occurs. approximately évery 12, hours and 28. inutes. 

Flood tide - Period of time during which tidal wave eusieé approaches 

Myce area (ends at high water) - water level nisin. 

Ebb tide - Period of time during which high water recedes (ends at low 
water point) - water level falling. <. 

aot tides - When the SiRy moon and earth align with each other causing 


( 


a greater tidal pull on the éarth's surface. Adding the pull’ of * 
moon to _ the pull of the sun results in higher high tides and 

lower low tides (a maximum tidal Jawa - occurs twice per month | 
_corresponding to new and full moon phases, 

6) feap tides - The sun and moon at right angles to ‘the earth cause Sppeettion 

_ of: lunar and solar pula - This results’ in-lower high tides and” 
higher low tides (minimum tidal range) - odcurs twice per seit 


* corresponding to first and ast quarter lunar phases. 


7) Tidal range - The difference, in feet, between. high and low water, ‘ 


~ 


8). Diurnal Tap Period - Period equivalent one — day or 24 hours eat . 


mee (50 minutes - tides based on. tt s pendiot 


\ 


9) Senidturnal:; Tidal Panted =-One bal a lunar ae period. iam high to _ 


; high or, “from léw.to low tide (12 hours and 25 wfictew’, 


. ° 4° ‘ 


# 


D. Reading Tidal Tables 


By consulting Tide Tables, predictions published each year by the 
; National Qceanic and Atmospheric Association, tidal conditions in this area 


can be found. 


The times and heights in féet of high and low water for every day of the 


year are listed’ for reference stations along the coast. For ‘the calculation . 


of the tides at Slaughter Beach, Bowers Beach, or Indian River Inlet correction 
“factors for both the time and height of the tides must be applied. Furthermore, 
all tides are given in Standard Time; one hour must be addéd ‘for Daylight 

a . 


Savings Time (between the last Sunday‘in April and the last Sunday in October). 


EXAMPLE . 28 
Goal: Mispillion River Inlet on Thursday 11: May 19¥2 
Procedure: : . 


- 


Ps Look up Mispillion River Inlet in the index. This tells you that 
tides there are based on Breakwater Harbor tides. . 


2) Look up Breakwater Harbor ‘tides: — 


. . 
11 0021 -0.5- ; 
Th 0628 .4.1 
. ' 

1223 *0.6 

1854 5.4. 
On the left-hand side, on indicates May 11, a Thursday. ‘The central 
column gives the times ‘(in military format) we the high and low tides 
at Breakwater Harbor. The right-hand columa indicates in feet the 

. height of the water with respect to mean low water (the average low 


. . Y 
tide level). . e. 


ta acne PoE HO SPE COMER p14 


23 
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REW JERSEY, Oyter Coast—Continved . on 2 samy NOOK, 9.70 


Great 8¢¢ Harbor River 
ins Seul! Land! ng=———~——————-———-———_ [39 22 | 76 43 | 41 43 | 41 54] -0.9) 0.0] 3.7] 4.5] 1.8 
1mm Mays Landi ng——————————----—_ | 39 27 | 74 44 | +2 34 | 42 39] -0.6| 0.0] 4.0] 4.6] 2.0 
1723 | Peck Bey (34th Street bridge)———— /59 15 | 74 38 | 40 51/41 08] -0.9} 0.0} 3.7) 4.5) 1.8 
17283 |Devils isiand, Crook Horn Creek————— [39 14 | 74 39 | 40 37/40 22/ -1.0/ 0.0) 3.6) 4.4] 1.8 
17287 |Corson iniet (bridges) 39 13 | 74 39 | 0 OF | 40 06) -0.7]| 0.0] 3.9) 4.7) 1.9 
» 
~ 1789 Ben Vands Thorot ar e——————————————— | 59 12 | 74 40 | 40 48 | 00 32) -0.9] 0.0) 3.7) 6.5/1.6 
2 1 ee 1731 |See Isle City (Ludiam Thoro. bridge) /39 OF 74 42 | 40 45 /40 49/ -0.8 | 0.0) 3.8 4.6/1.9 
* A733 | Sea Isie City (beech) 39 09 | 76 41 | -O 19 | -0 19] -0.5} 0.0) 6.1) 5.0) 2.0 
cy: 1735 |Townsend Iniet 39 OF | 74 43 | 40 067140 04) -0.8 | 0.0) 3.8) 4.6/1.9 
. * 1737 | Long | 39 06 | 74 45 140 53 70 53} -0.8 | 0.0) 3.6) 4.6/1.9 
¢ ad ee 1739 |Great Sound (ent. to Cresse Thoro!)- |39 05 | 74,47 |. 41 03 | 91 05| 0.5] 0.0] 4.1} 5.0] 2.0 
1741 |Stone Herdor (Greet Chan. bridge)——— [39 03 | 74 46 | 40 42 [40 26/ -0.5/ 0.0) 4.12] 5.0) 2.0 
1743 |Heretord Iniet (North Wi|dwood})—-——— [39 O1 | 74 48 | 40 02 | 40 02} -0.5/ 0.0} 4.1] 5.0) 2.0 
' 1745 | Wildwood (beech) 36 59 | 74 48 | -O 15 | -0 19} -0.8/ 0.0) 4.1) 5.0) 2.0 
‘ 1747 |Grassy Sound Channel (hwy. bridge) |39.02 | 74 49 | 40 40 | 90 28] -0.5 | 0.0] 4.1) 5.0} 2.0 
W749 |W. Wildwood (Grassy Idge)——— |39 00 | 74 80 | 40 45 | 40 29} -0.3/ 0.0] 4.3) 5.2] 2.1 
1781 | Swain Crenne! 38 89 | 74 52} 40 84) 40 27) -0.2] 0.0) 4.4) 5.3) 2.2 
1753 | Cape May Harbor —- - 38 SP | 74 53 | -O 02} -O 16) -0.2/ 0.0} 4.4) 5.3) 2.2 
1735 |Cape May, Menicipe! Pler—————————-—_ [36 56 | 74 55 | +0 08 | -O 17 0.3] 0.0) 4.3) 5.2) 2.1 
+ 
WEW JERSEY and DELAWARE ; - 
Delaware Bay, Eastern Shore OREAKWATER MBR., 9.78 4 oye | 
N 1787 | Five Fathom Bank 38 Sl | 74 38 | © 63 /-0 38) 0.0] 0.0! 4.1) 4.9/| 2.0 o 
1759 | McCrie Shoal 38 51 | 74 $1} <0 22|-0 21) 40.2] 0.0} 4.3] 5.2] 2.1 
1761 |Cape May Polnt 38 86 | 74 58 | -O0 10 | -O0 04] 40.6] 0.0) 4.7) 5.6) 2.3 
1763 |Qay Shore Channel —————-———-———-_ | 38 58 | 74 58 | -0 09 | -O0 03| 40.8/ 0.0) 4.9) 5.8) 2.4 
A 1765 |Miam! Beech - 39 02 | 74 56 | 40 17 | 40 26) 41.0) 0.0] 5.1] 6.1) 2.5 | 
1767 |Dennis Creek 4139 10 | 74 54 | 40 48 | #104) 41.5] 0.0) 5.6) 6.6) 2.6 . 
1769 |East Polnt, Maurice River Cove-———— [39 12 | 75 02 | 40 55 | 41 12}.01.6| 0.0} 5.7) 6.7} 2.8 
rice Rtver : ° 
1771 Port ‘Norris i399 14 | 75 OF | 41 14 [41 38] 01.6] 0.0/ 5.7) 6.7/2.8 | 
1773 Maur | Cetown aan (59 17 (78 OO (41 48 [8 21/ 41.7] 0.0) 5.6) 6.8) 2.9 
1773 MLV ED ene (39 24 | 75 O82 | 42 ST 143 23) 41.9} 0.0) 6.0) 7.0) 3.0 
‘ arrr Egg Island Pol nt-—————--—-----————~_ [37 11 | 75 06 | #0 33 141 08} 41.6 0.0} 5.7] 6.7| 2.8 
. on REEDY POINT, 9.78 j ‘ 
1779 | Fortescue——----——-—-—--—-------————— | 39 14 | 75 10 | -2 05 | -2 19) 00.4) 0.0) 5.9) 7.0) 2.9 e | 
1781 | Bee Devis Point 39 17 | 75 17 | -} 40 |-2 49] 40.5| 0.0) 6.0 6.9} 3.0 
Cohansey River ° , 
1783 |¢ €ntrance-----——————---———--—————_ |39 21 | 75 22 | -1 30 |-1 29) 40.5} 0.0] 6.0! 6.9 | 3.0 
1785- Laning Whert 39 23 | 75 20] -1 10 | -1 14] 40.5] 0.0) 6.0/ 6.8] 3.0 
1787 Fa irton———---—————----—--———---—— | 39 23 | 75 14 | 40 05 | -0 24) 40.7] 0.0] 6.2) 7.0) 3.1 © 
1789 Br | dgeton——na te 39 25 | 7S 14 | 40 27 | -O 15 / 41.0} 0.0 6.5] 7.3/3.2 ? e | 
1791 | Bay ee 39 23) 75 24} -1 23 | -1 28] 00.6] 0.0) 6.1) 6.9) 3.0 7 
. Delaware Bay, Central pears on BREAKWATER HBR., 9.78 
" 1793 | Brendyeine Shoal Light 38 89 | 75 OF | +0 09 | 40 28| 40.8] 0.0) 4.9] 5.9) 2.4 ‘ 
1798 [Fourteen Foot Bank Light. 39 03 | 78.11] 00 18 / 00 48] 1.1) 0.0) 5.2} 6.2) 2.6 , a 
. 1797 [Miah Meul! Shoe! Light 39 08 | 75 13} 40 28 | 41 08| 41.4] 0.0] 5.5] 6.5) 2.7 ! f 
. 1799 | Elbow of Crass Ledge Light-——----———-_ | 39 11 | 78 16 | #0 40/41 21/ 41.5} 0.0 5.6) 6.5) 2.8 ’ 
: on REEDY POINT, 9.78 ‘ \ 
1801 | Ship Jofin Shoal Light- 39 18 | 75 23 | -1 32) -3 36] 40.2] 0.0) 6.7) 6.6) 2.8 


Deleware Say, Western gherey : Con ontarvarer won., 9.76) ‘ 


1803 [Cape Henlopen————————-——— 
2308 | BREAIMATER HARBOR —-—————————-—————— 
1807 | Roosevelt Iniet: 
1809 
pT yey 


Mispiiilon River entrance-------————— 
Murderk!1) River entrance--------——— 


SSese 
23856 
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‘ {nformation for Mispillion River Inlet. - , y 


- I.A. 


: c ; (Mar. 1.22) 
* 14 
x P : 
Thus, at 0021.(21 minutes past midnight, lodal standard time), ‘ 


the tide will be .5 ft. below the average low tide level. This 


is obviously a low tide:, At 0628 early in the morning the tide’ 


will be“S4 #6, above te ‘average low tide level. This is a ; 
high tide. Looking further at this table we see that the low aa | 
tide near noon will be .lower hari the low tide at midnight was. 
The high tide in the-evening will be higher than the early morn- 7 
ing high tide was. - ; 
— 11 May is during Daylight Savings Time, add one hour to 

e - . 
the predictions: , 
11°0121 -0.5 —_ . 
Th 0728 4.1 ‘ ae 


1323 -0.6 
1954 5.4 


Then, ‘for convenience, convert from military time to conventional 


time. Use the clock on the next page. ‘ 


t 


11 1:21 A.M. -0.5 
Th 7:28 A.M. © 4.1° 
1:23 PeM. -0.6 ‘ 


7:56 P.M. 5:4 - ? 
oF + . 
Apply the torrection factors for time and height to obtain tidal 


Differences 


Thus, to the high water times given for Breakwater Harbor add 
33 minutes, and, to the low water times add 1 hour. To determine 


. 4 
the high water heights add .5 ft., doenot change the low water levels. 


. =e ° 18 


A CLOCK 


FOR CONVERTING MILITARY © 
TIME TO CONVENTIONAL TIME | 


MWITARY ConvenTi0N AL 


TING | are “TIME! 


972000 7:20am 
(1920. 7: 20 p.m. 


A 


2:21 A.M. 0.5% 
. 8:01 AM. 4.6 

2:23 P.M. -0.6 

8:27 P.M. 5.9 


This means that low tides will occur at Mispill Inlet at 


2:11 A.M. and at 2:23 P.M. while high tides will occur at 8:01 A.M. 


and 8:27 P.M. The low tides villbe -5 ft. and 0.6 ft. below mean 


low.water, respectively, The high tides will be 4.6 ft. and 


5,9 ft. above mean low water. 
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IV. SALINITY MEASUREMENT WITH ‘A STEM HYDROMETER 
A, Specific Gnawity and Salinity “ ' 


(mass__) 
_ Density of a liquid Crores 


if “all other factors including temperature remain constant. EE 


increases as salinity content increases, 


‘Gravity is the ratio of the ‘density of a specific solition or liquid 
to the density’of pure water at a C. At this temperature, pure water 
has a specific gravity of ‘1.0000. Those solutions less dense than: pure 
water havea Specific gravity =0.9999 or less, while those denser than 


pure water vu have a specific gravity =1.0001 or greater. 


Tables relating specific gravities and salinities of a liquid 
¢ have been devised ‘using a convenient ideal temperature. Also tempera~ 
" ture correction factors can be used to adjust salinities determined at 
other temperatures. Both of these tables will be used in our study to 
help measure salinity in river water samples. 
eo «ss : ; \ 
B.. The Stem' Hydrometer 


The stem hydrometer, possibly devised by Archimedes, is an instru- 
ment used to measure specific gravity. A picture of this instrument is 
shown in figure 3A. A hydrometer may be used to measure salinity content 

efully following . ats aban nea procedure: 


Take the current comberatute of the sample to be tested in Centigrade: 


Over a sink, f111 the hydrometer test jar or graduated cylinder 
with approximatély 275 ml of the water sample. ~. 


Gently lower the hydrometer into the sample and allow it to settle. 


Place the jar on a level surface and read the hydrometer. Notice 
how the solution tends to "climb" the sides of the hydrometer stem 
(See figure 3B). This curved-upper surface’ of the sample around the 
hydrometer is called a meniscus. When reading the hydrometer, this 
meniscus should be ignored and an imaginary straight line should be 
drawn across the solution level. This is the reading which should be 
recorded. See figure 4 to learn how to Tread a hydrometer accurately. 


Using the specific gravy measurement taken, refer to Table 1 and 

“ find the corresponding salinity poatent of the sample. Record this 
salinity in parts per thousand (9 /00) as the observed salinity. 
From Table 2, using the observed salinity. value and the temperature 
of the sample, find the t temperature corrected salinity. 


4 
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Ni] SOLUTION 


a] STERenarER: 


| | GRADUATED oe eee 
CYLINDER | | INCORRECT 


READING — 


CORRECT 
READING: 7: 


"Figure 3 4 7 


-iqure 4 sg — 7 
big HYDROMETER SCALE - 


20 MARKS = 010 


@ |,0100 


ADD..0005 To 1.0000 . 
FOR EACH L/NE DOWN | 
FRom 1.000 To |.070 


te 1.0150. 


TABLE 1 


Corresponding Densities and Salinities 
(density at 15°C; salinity in 0/00) 


Density Salinity Density Salinity 


1.0000 1.0355 21.5 
1.0005 1.0160 22.0 
1.0010 1.0165 22.5 ~ 
1,0015 1:0170 23.5 
1,0020 1.0175 24.0 
1.0025 1.0180 24.5 
1.0030 150185 25.0 
1.0035 1.0195 26.5 
: _ 1.0040 . vy 1.0200 27.0 
( 1.0045 * 1.0205 ~ *28.0 
. 1.0050 1.0210 | 28.5 
eae aaa eae (1 «|| eae OD ner 
1.0060 ; "12,0220 + 30.0 
1.0065 »1.0225 30:5 
1.0070 1.0230 31.0 
110075 1.0235 - 32.0 
1.0080 1.0240 32.5 
1.0085 1.0245 33.0 
1,0090 1.0250 *33.5_ 
1.0095 1.0255 34.5 
1.0100 1.0260 35.0 
1.0105 1.0265 - 36.0 
1.0120 : _ 1.0270 36.5 
1.0015 1.0275 37.0 
1.0120 1.0280 37.5 
- 1.0125 1.0285 38.0 
1.0130 1.0290 39.0 
1.0035 - | 1.0295 39.5 
1.0140 ‘ 1.0360 40,0 
1.0145 1.0305 41.0 
1.0150 : 1.0310 41.5 . 


* 


I Be 


1 
1 
2 
3 
_3 
4 
5 
5 
6 
7 
7 
g 
9 
9 
10 
12 
ll 
12 
13 
13 
14 
15 


TABLE 2 
"+ ‘True Salinities for Sea Water — Corrected ta 15°C 


CORRECTED OR TRUE SALINITIES 


S$ - 


7.0 80 90 10.0 110 120 130 14.0 15.0 


QBSERVED SALINITIES ; * 
82 92 103 11.3, 124 134 144 15.5 
83 34 104 12.6 13.6 14.6 15.7 
84, 94 105 12.6° 13.6 14.6 15.7 
84 94 105 126 13.6 146 15.7 
84 94 104 — 124 135 45 15.5 
61 7.1 82 92 102 122 133 143 
58 79 #89 99 120 13.0 14.0 
6.6 76 88 96 11.6 12.6 13.6 
52 72 82 92 W2 12.2 132 
§0 60 70 80 99 W.0 12.0 13.0 
48 58 68 78 88 108 118 128 
43 63 62 72 82 102 112 132 
0.91.8 2.838. 48 6.2. 6.2.7.2. 8.2. 9.2. 10.6 11.6 12.6 
3342 #§1 61 7.1 «8.1 69.9 100 11.0 12.0 
27 #36 «+45 = «565 65 74 84 94 104 113 
21 #30 39 48 $58 67 %77 87 97 106 
12°22 34 417 50 60 69 79 89 98 


03°13 23 330 42° 52°61 71 af 90 


SSESeeee 


sarsserorvesy 
Be 


18 
2 
_ - 
26 
28 
ae 


CORRECTED OR TAVE SALINITIES 


23.0 24.0 27.0 28.0 29.0 30.0 31.0 32.0 33.0 36.9 38.0 
OBSERVED SALINITIES. 


25.1. 262 294 304 315 WG 
252 263 294 315 48 
25.3 26.1 233 314 32. us 
25.0 26.0 1 24 w2 
247 268 28.9 40 
M5 255 285 

246.1 25.1 78.2 373 93 
23.7 26.7 221 36.8 388 


378 389 41.0 
37 
378 
vA 
37.3 
36.7 
36.3 
358 
33.2 242 272 36.3 363 38.3 
35.0 
47 
wt 
33.4 
33.7 
32.0 
312 
30.4 
23.5 


388 40.9 
38.7 39.7 40.7 
38.4 30.4 40.4 
38.1 39:1 40.3 
“37.7 38.7 398 


A 


BBRRNBssaEssreere%s 


23.0 24.0 27.0 36.0 38.0 
22.7 23.7 24. 2 26.7 38.7 36.7 37.7 
22 BA 2. 1 26.1 36.1 36.1 37.1 
216 225 25.5 38.4 35.4 364 
209 219 248 34.79 35.7 36.7 
20.2 212 241 30 40 49 
195 204 21. 234 323 33.1 34t 
18.7 19.6 22.6 314 323 333 
17.8 18.7 19. 212 . 25.6 304 314 324 


. 


Taken from Rabinowitz, A., et al. 1970, Oceanography: An Environmental Ay’ ach 
to Marine Science, 2nd ed., Oceanography Unlimited, Pattersm, N.J., 
Pp. 194. : , 
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- . 4 : is DETERMINING SALINITY FROM SPECIFIC GRAVITY *% 


oe are two emaieet 
1) Using Table 1 we see that an observed Aeaeits of 1.0140 (read at 28°C) 
" corresponds to on observed salinity of 19.5.. On Table 2 we see that an 
; divecved waliutey of 10,5 110s beleees 28,7 alt 106s Sloe 19S tg very ® 
close to 19.6, the corrected salinity is very close to 26.0. “Iaterpolating, 
we find that an observed salinity at 19.5 corresponds to a corrected salinity 


of 23.9.- ~ eae: 


« 
. 


‘ ‘ * ae 
2) An observed density: of 1.0230 (read at 20°C) corresponds to an observed 
salinity of 31.0. On Table 2, ve see that 31.0 lies between 30.4 and 
~ (re SC POR OE AREAS SBI meet eee celtiey «ae eaerr—emerrwncarpangrmrerwe~ seanpaerprammm ylieente mn 


31.4. Interpolating, we find that our corrected salinity is 32.6.. 
Now, you try the following examples. Complete the chart using Tables 1 and 2. 


. Observed Density Observed Temperature Observed Salinity Corrected Salinity 


1.0080 18°C <P | 
1.0030 30°C | 
1.0300 * 15°C 
1.0005 10°C 
1.0170 20°C 


\ (Mar. 1.22) 


Answers to examples on preceding page: + 3 


Observed Salinity‘, Corrected Salinity 


11.5 . 12.3 
. 5.0 9.8- 
40.0 : 40.0 
1.5 < 1.0 ; | 
23.5 25.0 : 


Suggestion to teacher 3 ; 
An easy way to prepare for the ‘activity on the following page, Practice 


on Measuring Salinities, is to dissolve 2/3 lb. salt into 2 gal. distilled water. 


* This solution approximates full-strength sea water. Take 1 gallon of this solu- 


4 


tion and add a gallon of distilled water, then take half of the latter solution 


peers <a again dilute 1:1 with distilled water. vation ita parte, dilutions 
. aber you have 1 gallon each of 5 different solutions which should be approxi- 


.mately 1, 1/2, 1/4, 1/8, and 1/16 times as salty as sea vater. 


2 gal. H20 +, 2/3 lbs sale ——————————_______»_ 1 gal. (full strength) 
— a” 3 : ’ “ = * 
4 
1 gal. +1 gal. H20 : ‘ - 
n”"—_-_-_-‘—” . / 
2 gal. _—_—— 1 gal. (1/2/ strength) 
wreored Ceifatenees, 4 , eT I a / ’ ; 
Tgat gal. 8,0 , Fs 
F > W__ * . / : 
2 ge) —$<$ > 1 gal. (1/5 sttength) | 
/ * 


Ll . 


1 gal. +1 gal. #20 
SS 


2 lh posh , T gk, C8 were) 
13 O 
. > ¢ ® : is 
. : 1 sal +1 gal. Hy0 ———> 2 gal. (1/16 strength) | 


° i / ° e 
. a f 
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E. Practice on Measuring Salinities 


Your teacher has provided you with several salt water samples. 


Measure the specific gravity and temperature of each, and, using 
Tables 1 and 2, calculate the salinity of each sample. 


Fill in the chart below. 
Sample #1 Samp Sample #3 Samp —_— #5". 
Specific Grastty 
Temperature : 
Observed Salinity 
_.._ Temperature Cereal sas 


Salinity 


V. SAMPLING STUDY 
A. Materials List 
“Tide for Field Study) 


Materials needed es each group. 


1 gallon plastic jar with wide mouth and cover, (found in school caine 
' restaurants, etc.) 


¢ 


20 foot length clothésline rope 

Centigrade thermometer ; 

Rydrometer 

Hydrometer jar pe 300 al graduate wpidiitas 


* 


B. SAMPLE: “AREA MAP 
_MISPI LLION RIVER ‘STATIONS 


~Syver’ KO 7 


1 “Walnut Street Area, = _ 
4, 2. Route -/4 Brickge. Area 
— . 3 Farm Area : 
4 Marsh Area 
S Mispillion Light Area. 
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C.; Water Sample Procedure / 
) J 


This field study is designed to illustrate tidal movement along a river 
by measuring the salinity concentrations at ais fprent river stations ‘at 
different times within tidal periods, Nearly any river or stream may be used 
for this study provided that it emanates ‘from a fresh water.source and empties 
into a salt water body. Though large rivers may be used for this gtudy, smaller, 
more accessible rivers or creeks are much easier to work with. : 


| Throughout this study, students will be measuring and recording two 
tidal river variables: 1) salinity concentrations and 2) temperatures, 


J 
f 
! 


Procedure 


1) General Information This study is designed for a normal working laastnt 

25 - 30 students, who will be divided into 5 groupe of 5-6 people. At 
least 1 adult (parent}“chaperone or supervisor will alsa be required to : 
oversee operations of each. group at their test station. If possible, 

these chaperones may also be used aschauffeurs to and from the sampling areas 

each day. Otherwise, the teacher should provide for buses to be used each 

day throughout the sample periods. , * 


2) Sampling Period The length of time required to conduct this study is 
approximately one hour per day in the field for five days. In addition, 
another 30 - 45 minutes.will also be needed in the laboratory each day fbr 
salinity hydrometer analysis, and data recording. At the conclusion of the 
actual lab and field tests, an additional flexible amount of time (perhaps 
2 or 3 class periods) should be set aside for discussion of the data accumu- 
lated. (See Discussion Topics) , 


3) Sampling Area -Once the tidal river has been selected, five water sample 
collection areas should bé.chosen‘along its banks. Considerations used to 
choose these areas should-be the following: 1) Accessibility. Is it easy 
to get to? 2) Convenience- 18 there working room? 3) Representability. 
Does this area help give a good test cross section of the river for our 
- study?. One of the areas selected should be as near the salt water opening | 
of the river as possible. Another should Ye as near to the furthest point R 


. 


33 


4) 


5) 3 


j : I.A. 
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of salt water intrusion into the river as ig possible. The remaining 
3 areas should be spaced fairly evenly between these two points at convenient 
collection localities. River bridges or overpasses located along the river 
may be used for sample collecting, especially since collecting from these. 
structures enables a better center river sample than shore collecting, but 
use bridges only if these structures are located at fairly equal distances. 


. from one another, a a 


‘Organization The class should be broken up into five working teams of 5'to. 


6 students each. Groups should be numbered and assigned-work areas. Each 
group member should ‘be assigned a specific job to be carried out each day. 
Jobs may be. broken down into 3 types: water collecting, temperature measur- 
ding, and data recording. Each member may keep the same job throughbut the 


period.or members may altergate jobs each day throughout the study. ‘After so. 


the necessary equipment is assigned to each group, members should be 


ee Ne nS ee ee eT Se EE Se ee Can 
familiarized with operation of the equipment before the sampling begins. 


Upon arriving ‘at the test area each day, the group should prepare their 
equipment to insure a ‘rapid and uninterrupted collecting procedure. Sample 
‘collecting should be done wach, day on or about the same time by all groups. 
_Care should be taken . synchronize sample collection by the use of a 
designated collection’ t each day for all groups. 


eo a oan soe ig" 


’ A) Salinity samples These samples can be taken fairly simply by one ‘or two 


studénts using the apparatus described below.’ This apparatus consists 
of a plastic one~gallon capacity jar with -a'20 ft. length of clothesline 

. Fope.attached to it (by forming a loop at one end of the rope.) If 

" students work from a bridge, this jar can be lowered from the’ center of 
the bridge to ‘the water and the line let out until the jar mouth dips 
into the water. Let the jar fill slowly with surface water until nearly 
full and recover. After measuring the temperature, cap the ‘jar and’ label 
, with the test area number, date, time and collector's name. If working 
’ fon the shore, the jar with a weight attached may be thrown toward the 
center of the river by one student while another student holds the rope. 
The jar should be thrown up current and allowed ‘to fill gradually; when 
it is nearly full, recover the jar, and cap and label as described. Be 
sure that at least 300 ml of water are collected since this is the 
minimum: amount needed.for each salinity test. More should be taken if 
duplicate measurements are desired to ingure accurate readings or in‘ 


36 


ease of soillage or othec errors. 
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Water Temperature Measurements ‘Water temperatures will be taken at the 
sampling area using the water collected in step 4. After the sample is 
collected, immerse a centigrade thermometer into the water. Leave the 
thermometer in the water for about five minutes. Remove the pasieuiaaaional 
read and record the temperature in the data sheet for temperature, 


Salinity Measurement (to be conducted in the Jahoearses) Water samples 
should be brought back to the laboratory and tested for salt content as soon 
as possible. If testing cannot be done on the same ays water should be stored 
in an airtight container in a cool place to avoid evaporation. Salinity con- 
centrations of the samples will be measured by measuring the specific gravity, 


“using a bydrometer, and by calculating the salinity from a salinity-specific 


gravity conversion table. Refer back to Part IV for a step by step procedure | 
for using a hydrometer. : : 


ono 7) Steps 5 and 6 should--be-repeated-each-day-for-5-tonsecutive-days;— Samples—--—~—~-~ 


8) 


and temperatures should be collected at the same area and approximately the 
same time each day. All salinities should be recorded on salinity data 
sheets and corresponding temperatures on temperature data a for each — 
site. (See sample data sheets.) 


At the end of data ‘collection all data should be graphed as a function of 
time and distance. A discussion should also be held in which questions can 
be answered and ideas can be expanded on the use of the data collected and 
its relationship.. (See suggested discussion questions, p. 33.) 


DATA SHEET -— SALINITY | 


Time — 

Date —_—> 

Area A 
Area 1 

Wind 

Weather 


Tidal Direction 


Salinity 


Mdal Direction 
—~ Salinity. 


Area 3 
Wind 


Weather 
Tidal Direction 


Weather 2. 7h 
Tidal Direction 


Salinity 


.- . 
Mote: All Satinity Readings in 0/00 (parts per thousand) , et 
Record direction from which wind is blowing. Record wind speed as high, medium, 


or light. 
- 6Q 


' Weather 
. widet Direction 


~ovne-e-Weather..- 


eee 


. Water ‘Temperature 


Tidal Direction | 


Water. Tempergture 


Ra ge re I.A. 
| . 2 oo. Mar. 1022) 
ane . DATA 'SHEET -~ TEMPERATURE: it y 3 
River , | Name . a2 
Date ___ ; : ; o 
sr wf Comment 


_ Areal 
Wind 


Sata Teuperatuce 
4 


ee aes 


Tdal Direction 


Wing Area 3... 
Weather 


be 


Wins «2 fee 4 
Weather 


Tidal Direction 
Water Temperature 
wy 


Wind. Area 5 

Weather ~ ; re 
Tidal Direction “ 
Water Temperature ‘ 


Note: All Temperature Readings in Centigrade. 


’ Record direction from which wind is blowing. Record.wind speed as high, as 
or sights , : ; : 


‘ z > . : P - 
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GRAPHING 


Graph 1: Using the data collected, graph salinity contents at each station 


: over the Sday period. Compare the graphs for each station. Do 
‘ they show a tidal pattern? } 


Graph 2: Using the data collected, graph temperature of each sample over 
the Sday period (for each station). Note any great fluctuations. 
Lise the possible reasons for these changes. = 


Graph 3: Using the data collected, graph salinity content for each day at 
the five sampling stations. Compare the graphs for each day, 
do they show a tidal pattern? Can you explain why? 


Graph 4: Using the data collected, graph the temperature of each sample - 

: collected in a one day period at all five-stations. Do this for 
each entire sample day. What type of pattern appears? Can you 
explain and graph temperature changes from station to station? 


> 


° 


Discussion Topics 


Is there a noticeable relationship between salinity content and tidal 
conditions over the sample period? Why? 


Is there a Telationship between temperature and tidal conditions over 
the sample period? Why? 


What type of environmental conditions may affect salinity ‘concentration 
and water temperature besides tidal movement? 


Why don't tidal forces ual, push salt water completely up the estire 
length of a tidal river? 


Witheguch wide salinity einsnecetiee and temperature changes occurring 
so rapidly over such short time periods, what type of animal life would 
you expect to find in and around a, tidal river? What type of plant life? 


What do you think might happen to the river tide pattern if a long 
drought occurred? What effects might this have on the larger animal 
life in the river? 


(Possible Responses) 


Yes, salinity rises as tide is coming in —- salinity drops as tide 
recedes. ; 

Yes, temperature rises as tide recedes. Depth influences temperature. 
Water movement may also influence temperature. 


A) Salinity -- rain, evsporation, droughts, wind, etc. 


B)! Temperature =~ air temperature, rain, river depth, river flow, 
Fate, etc. 
—_—_— 


Because of 1) river basin friction opposing it and 2) fresh water flow, 
‘ 


Animals which 1) move with the tidal flow, 2) have a wide salinity and 
temperature tolerance. Plants which have a high salt tolerance. 


Salinity concentrations would go up because of fresh water evaporation 
and reduced fresh water input. Larger animals ia the river would move 
further up the river as salt concentrations rose. 


. 
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POST TEST 
‘s Define the following words: 
1) Ebb Tide 
2) Flood Tide 
3) High Tide ; > 
. rd 
: 6) Meap Tide ° ® 
5) Spring Tide ; 
‘as i 
Problems 
_ 1) On Tuesday morning starting at 9 A.M., Bill sampled water for salinity from Ps 
‘° , @ station on the river, every’ hour for five hours. He got these results: 
9 A.M. 24 700 21°C 
10 A.M. 20 °/00 22.8°¢ ; 
. 21 A.M. 18 °/00 26.6°c 
. > az. 15 °/00 26.4°C 
1 P.M. "12 9709 27°¢ 


A) Graph these salinities as they are related to tise. Explsia why the 
salinity is dropping. 
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B) Graph the water temperatures as they are related to time. List two 
possible reasons for the temperature pattern produced. ° 


2) Using the specific gravity conversion tables and the temperature correction 


table, what would be the salinity content of the following samples? 

A) SP. GR. = 1.0050 at 18°C 

B) SP. GR. = 1.0150 at 20°C ° 
C) SP. GR. = 1.0180 at 16°C 


D) SP. GR. = 1.0010 at 15°C: 


True or False 


5) 


As flood tide occurs, salt water is moving further up the river. 
Tides affect only salt water bodies. 


Tidal periods from high tide to high tide last approximately 12 
hours and 25 minutes. 


The sampling study was done at the same hour each day because 
high tide occurs at the same time each day. 


Tides are caused mainly by the gravitational pull of the earth 
on the moon. 


e ‘e ce I.A. 
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POST TEST 7 
(Answer Sheet) 
Define the following words: : € 


1) Ebb Tide As water level is dropping from high to low tide. 
. 2) Flood Tide As water level is rising from low to high tide. 
3) High Tide Point at which water level has reached its highest level. 


4) Neap Tide Occurs twice a month — sun and moon forces oppose each 
* other — minimum tidal range caused, 


5) Spring Tide Occurs between neat tides -— gun and moon forces. join - —a 
maximum tidal range occurs. 


‘ 25 
Salinity is dropping because 
Problems 3s tide is ebbing. 
a 4 . 
9 1O ll 2 1 . 
* t 
27°C: ‘ 
B) 
Reasons: erature rises as water level drops because of ebbing tide. 


2) Sun is rising, heating water as day passes. 
Ny »*) 83 
B) 21.9 
C) 24.8 


D) 2.5 
t 


True or False 
1) True 
( 2) Falee 
3) True 
4) False 


5) False 
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